New algoritm for optimizing technological parameters of soft magnetic compozites has been derived on the base of topological structure of the power loss characteristics. In optimization processes of magnitudes obeying scaling it happen binary relations of magnitudes having different dimensions. From mathematical point of view in general case such a procedure is not permissible. However, in a case of the system obeying the scaling law it is so. It has been shown that in such systems binary relations of magnitudes of different dimensions is correct and has mathematical meaning which is important for practical use of scaling in optimization processes. Derived here structure of the set of all power loss characteristics in soft magnetic composite enables us to derive a formal pseudo-state equation of SMC. This equation constitutes a realation of the hardening temperature, the compaction pressure and a parameter characterizing the power loss characteristic. Finally, the pseudo-state equation improves the algoritm for designing the best values of technological parameters.
I. INTRODUCTION
Recently novel concept of technological parameters' optimization has been applied in Soft Magnetic Composities (SMC) by Ślusarek et al., [1] . This concept bases on assumption that SMC is a self-similar system where function of loss of power obeys the scaling law [2] - [4] . The scaling is very useful tool due of the three reasons:
• it reduces number of independent variables f and B m to the effective one f /B α m ,
• and determines general form of loss of power characteristic in a form of homogenous function in general sense (h.f.g.s.),
• as well as enables us to use binary relations between magnitudes of different dimensions.
Reduction of independent variables bases on definition of h.f.g.s. F (f, B m ) is h.f.g.s. if:
According to the assumtion concerning λ we are free to substitute any positive real number, for instance λ = B m , then we get:
where f and B m are frequency and pik of magnetic inductance, respectively. Choice for the F (·, 1) depends on the power loss characteristics of investigated materials. In [1] we have modified the Bertotti decomposition rule [5] - [6] which led to the following form for P tot (·) = F (·, 1):
where Γ n have been estimated for different values of the technological parameters [1] (pressure and temperature). For purpose of this paper we take into account only one family of power loss characteristics which is presented in Fig. 1 and Fig. 2 . The corresponding estimated values of the model parameters are presented in TABLE I . For all other details concerning SMC material and measurement data we refer to [1] . Now we are ready to formulate the goals of this paper. Main goal is to minimize the power loss in SMC by optimal using model density of power loss (3) and corresponding From the first row of TABLE I we can see that dimensions of the Γ i coefficients depend on the values of the α and β exponents. Therefore, the power loss characteristics presented in Fig. 1 and Fig. 2 are different dimensions. So, we have to answer to the following quastion: are we able to relate them in the optimisation process which has been described in [1] ? In this paper we will prove that if the considered characteristics obey the scaling, then the binary relation between them is invariant with respect to this transformation and comparison of two magnitudes of different dimensions has mathematical meaning. Reach measurement data of power losses in Somaloy 500 have been transformed into parameters of (3) v.s. hardening temperature and compaction pressure Table I in [1] . Informations contained in this Table enable us to infer about topological structure of set of the power loss characteistics and finally to construct pseudo-state equation for SMC, and derive supplementary algoritm for the best values of technological parameters to that one published in [1] .
II. SCALING OF BINARY RELATIONS
Let the power loss characteristic has the form determined by the scaling (2). It is important to remain that α and β are defined by initial exponents a, b and c (see after formula (2)):
Let us concentrate our attention at the point on the 
Let us take into account the two characteristics and let us assume that
Therefore, the considered binary relation is the strong inequality and corresponds to natural order presented in Fig. 1 and Fig. 2 . The most important question of this research is whether (6) is invariant with respect to scaling:
Let λ > 0 be an arbitrary positive real number. Then, the scaling of (7) goes according to the following algoritm:
• Let us perorm the scaling with respect to λ of all independent magnitudes and the dependent one :
where i = 1, 2 · · · 4 labels the considered characteristics.
• Substituting apropriate relations of (8) to (7) we derive:
• Collecting all powers of λ on the left-hand side of (9) and taking into account (4) we derive the resulting power to be zero and:
Therefore (6) is invariant with respect to scaling. This binary relation has mathematical meaning and constitutes the total order in the set of characteristics.
III. BINARY EQUIVALENCE RELATION
The result derived in Section II can be supplement with the following binary equivalence relation. Let
be i-th pont of the j-th characteristic. Two points are related if they belong to the same characteristic:
Theorem: R is equivalence relation. (The proof is trivial and can be done by checking out that the considered relation is: reflexive, symmetric and transitive.) Therefore, R constitutes division of the positive-positive quarter of plane spanned by (11). The characteristics do not intersect each other except in the origin point which is excluded from the space. The result of this section implies that the power loss characteristics (2) and (3) are invariant with respect to scaling. Structure of derived here the set of all characteristics of which some examples are presented in Fig. 1 and Fig. 2 enables us to derive a formal pseudo-state equation of SMC. This equation constitutes a realation of the hardening temperature, the compaction pressure and a parameter characterizing the power loss characteristic corresponding to the values of these technological parameters. Finally, the pseudostate equation will improve the algoritm for designing the best values of technological parameters. Table I for Somaloy 500 [1] . Corresonding hardening temperature was 500 o C.
IV. PSEUDO-STATE EQUATION OF SMC
LetC be set of all possible power loss characteristics in considered SMC. Each characteristic is smooth curve in f /B α m , P tot /B β m plane which corresponds to a point in [T, p] plane. In order to derive the pseudo-state equation we transform each power loss characteristic into a number V corresponding to (T, p) point. By this way we obtain a function of two variables:
This function must satisfy the following condition. Let us concentrate our attantion at the two following points: Table I for Somaloy 500 [1] .
FIG. 3. Pseudo-Isotherm T = 500
o C of the Low-losses phase, according to data of Table II .
Let us consider the two characteristics P tot 1 /B β1 m 1 and P tot 2 /B β2 m 2 of the two samples composed under T 1 , p 1 and T 2 , p 2 values of temperature and pressure, respectively. While, the other technological parameters powder compositions and volume fraction are constant. Let us assume that for (14) the following relation holds: It results from the derived structure ofC that (15) holds for each value of (14). Therefore we have to assume the following condition of sought V (T, p): If the relation (15) holds for T 1 , p 1 , T 2 , p 2 then the following relation has to be satisfied for V (T, p):
Moreover, V (T, p) has to indicate place of coresponding characteristic in the ordered C. The simplest choice satisfying these requirements is the following average:
where the integration domain is common for the all characteristics. We have selected the common domain of Fig. 1 and Fig. 2 :
. Using (3) we transform (17) to the working formula for the measure V :
where
. α, Γ i are coefficients dependent on T and p, see Fig. 3 . However, in order to derive the complete pseudo-state equation we must create a mathematical model. On basis of Fig. 3 we start from the classical gas state-equation as an initial approximation:
where k B is pseudo-Boltzmann constant. In order to extent (19) to a realistic equation we apply again the scaling hypothesis (2) [2]- [4] :
where Φ(·) is an arbitrary function to be determined. γ, δ and T c , p c are scaling exponents and scaling parameters respectively, to be determined. For our conveniences we introduce the following variables:
In order to extent (19) to a full state-equation we apply Padé approximante by analogy to virial expantion derived by Ree and Hoover [7] :
where G 0 , . . . , G 4 , D 1 , . . . , D 4 are parameters of the Padé approximante. All parameters have to be determined from the data presented in TABLE II.
V. ESTIMATION OF THE PSUDO-STATE EQUATION'S PARAMETERS
At the beginning we have to notice that the data collected in TABLE II reveal sudden change of V between two points: [773, 15; 500, 0] and [742, 15; 764, 0] . This suggests existence of a crossover between two phases: low-losses phase and highlosses phase. We take this effect into account and we divide the data of Table II into two subsets corresponding to these two phases, respectively. Since the crossover consists in changing of characteristic exponents for the given universality class it is necessary to perform estimations of the model parameters for each phase separately. Minimizations of χ 2 for both phases have been performed by using MICROSOFT EXCEL 2010, where
where N = 7 and N = 5 for the low-losses and high-losses phases, respectively. Table  III and Table IV present estimated values of the model parameters for the low-losses and for high-losses phases, respectively.
VI. OPTIMIZATION OF TECHNOLOGICAL PARAMETERS
Function V (T, p) serves a power loss measure versus the hardening temperature and compaction pressure. In order to explain how to optimize the technological parameters 
(24) represents the minimal iso-power losse curve. All points satisfying (24) are solutions of the optimization problem for technical parameters of SMC.
VII. CONCLUSIONS
By introducing the binary relations we have revealed twofold. The power loss characteristics do not cross each other which makes the topology's set of this curves very useful and effectively that we can perform all calculations in the one-dimension space spanned by the scaled frequency [1] - [4] or here in the case of pseudo-state equation in the scaled temperature. For general knowledge concerning such a topology we refer to the papers by Egenhofer [8] and by Nedas et al. [9] . However, to our knowledge this paper is the first one about the binary relations between magnitudes of different dimensions in the sense of different physical magnitudes.
The efficiency of scaling in solving problems concerning power losses in soft magnetic composities has already been confirmed in recent paper [1] . However, this paper is the first one which presents an application of scaling in designing the technological parameters' values by using the pseudo-state euation of SMC. The obtained result is the continuous set of points satisfying (24). All solutions of this equations are equivalent for the optimization of the power losses. Therefore, the remaining degree of freedom can be used for optimizing magnetic properties of the considered SMC. Ultimately, one must say that the degree of success achieved when applying the scaling depends on the property of the data. The data must obey the scaling.
